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REMARKS 

Claims 1-4, 6-22, 28-38» and 40-47 are pending. Claims 12-14, 17-19, and 22 are rejected 
under 35 U.S.C. § 102(b). Claims 1-4, 6-11, 14-16, 20-21, 28-38, and 40-47 are rejected under 
35 U.S.C. § 103(a). 

Examiner states that the rejection of jodependeat claims 1, 8, 28, 32, 37, 42, and 45 stands 
or falls with that of claims 12 and 1 8. Although applicants do not necessarily agree, applicants' new 
argumoits will be directed to Examiner's new rejection of irid^ndent claims 12 and 18. 
Regarding the "path profiDie" of claims 12 and 18, Examiner states limitations ftom the specification 
are not read into the claims. In re Van Geims, 988 F.2d 11 8 1 , 26 USPQ2d 1057 (Fed. Cir. 1 993). 
The relevant fects of /« re Van Geuns are these. Van Geuns provoked an interference by copying 
claims M and 9-1 0 firom U.S. Pat. No. 4,587,504 issued to Brown et al. into U.S. Application No. 
657,636 as new claims 42-47. Both the patent and tiie ^plication were directed to Nuclear 
Magnetic Resonance (NMR) and Magnetic Resonance hnagii^ (MRl). The Board of Patent 
Appeals held that indepaident claim 42 was unpatentable under section 103 because of Japanese 
published application 52-90293 (tlie Japanese reference) taken alone or in view of German 
published patent specification 26 46 467 (the German reference). Van Geuns appealed the 
September 25, 1990 decision of the Board to the Court of Appeals for the Fedetal Circuit. 

The issue before the Court was whether the recitation of a "uniform magnetic field" in Van 
Geuns' claun 42 rendered it patentable. The Board found that the Japanese reference disclosed a 
magnetic assembly witli a substantially uniform magnetic field vaiying no more than 1 0 percent. 
Van Geuns argued that claim 42 must be interpreted in hght of the specification. In particular. Van 
Geuns argued that tiie Japanese reference did not teach tiie level of magnetic field uniformity 
required for NMR imaging. However, claim 42 was not expressly limited to NMR or MRI 
apparatus. Van Geuns did not argue tiiat the .Japanese reference did not disclose a "uniform 
magnetic field." Rather, Van Geuns argued diat the Japanese reference did not disclose a 
sufficiently uniform magnetic field. Therefore, Van Geuns' argument was based on a requisite 
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degree of uniformity of the magnetic field of claim 42 rather than whether or not a "unifonn 
magnetic field" was disclosed by the J^jancse reference. Thus, Van Geuns could not persuasively 
argue that the magnetic field of the Japanese reference was not sufficiently uniform to fell wiHiin 
the limitation of claim 42, 

However, the Board did not rest its decision as to the unpatentability of claim 42 entirely on 
the absence of an NMR limitation in the claim. The Boaixi further relied on expert testimony of Dr. 
Overweg, an expert for Brown et al., to detennine the knowledge of one of ordinary skill in the art. 
The Court held "even if the claims were limited to NMR or MRI apparatus, in light of what the 
Japanese reference teaches one of ordinary skill in the NMR or MRI art, the board did not err in 
concluding that claim 42 would have been obvious." In re Van Geuns, 988 F.2d 1 181, 1185 (Fed. 
Cir.1993). Thus, the Court's decision was not based on Van Geuns' inability to read NMR or MRI 
limitations into claim 42. The Court decided that even if NMR or MRI limitations were present, in 
claim 42 would have been obvious. Applicants respectfiilly submit, therefore, that Examine has 
erroneously cited In re Van Geuns for the wroi^ legal principle. 

Regarding the "path profile" recited in claims 12 and 18 of the instant application, 
Examiner states "the features upon which applicant relies are not recited in the rejected claim(s)." 
AppUcaots respectfully disagree. The term "path profile" is a well established term of art in wireless 
communications. Applicants have furnished U.S. PaL No. 5,794,128 (fiontpage and col. 9, line 
39), U.S. Pat No. 5,889,768 (fi'ontpage and col. 3, line 33), U.S. Pat No. 6,571,082 (front page 
and col. 12, line 15), and U.S. Pat. No. 6,973,1 19 (front page and col. 5, line 30) as evidence. All 
recite "path profile" or "multi-path profile" and have tiie same specific meaning as previously 
discussed in the response of August 1 , 2006. Thus, appHcante respectfiiUy submit that the features 
upon which they rely are specifically recited in claims 12 and 18. Applicants fiirther submit that 
Examiner's assertion that "the path profile is understood as any indication as to the communication 
path between the transmitter and receiver" is clearly erroneous. By way of comparison with In re 
Van Geuns, Van Geuns attempted to add a limitation to claim 42 from the specification. Here, 
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ExaiMiner attempts to exclude a limitation from claims 12, 18, and all the olher pending claims, 
because it is well-supported by tlie instant specification. 

Regarding Reudink (U.S. Pat. No. 5,648.968) Examiner fiirther states "the patent clearly 
describes that the delay is controllable by data maintained on the relative strengths which depends 
on changes in the incoming signals." Applicants understand that Reudink discloses delay control 
based on 'Telative sttengths." (coL 9, line 1). Reudink does not discJose "providing a distinct delay 
in the data communication signal in response to the path profile estimate" as required by claim 
12 or "providing a distinct delay associated witli each antenna and configured to alter the distinct 
delay in response to a change of a path profile associated with the transmitter channel" as 
required by claim 18. 

Reudink further discloses "[t]he delay time between the transmit signals and its delayed 
component can be variable depending upon transmission parameters, and controllable by data 
maintained on the relative signal strengths." (col. 9, lines 6-9). Here, "transmission pammeters" 
refers to transmission parameters of the base station, such as the number of transmit antennas. As 
previously discussed, Reudink fisils to disclose "providing a distinct delay in the data 
communication signal in response to the path profile estimate" as required by claim 12 or 
"providing a distinct delay associated xviih each antenna and configured to alter the distinct delay 
in response to a chiange of a path profile associated with the transmitter channel" as required by 
claim 1 8. For all the foregoing reasons, applicants respectftOly submit that claims 12-14, 1 7-1 9, 
and 22 are patentable under 35 U.S.C. § 102(b). Applicants fijrther submit that claims M, 6-1 1, 
14-16, 20-21, 28-38, and 40-47, having similar limitations, are patentable under 35 U.S.C. § 
103(a). Applicants reiterate their previous argument below. 

Independent claims 12 and 18 are rejected under 35 U.S.C. § 102(b) as being anticipated by 
Reudink (U.S. Pat. No. 5,648,968). Claim 12 recites "A commum'cation system comprising: a 
transmitter having a plurality of spaced apart antennas; a channel measurement circuit coupled 
to the plurality of spaced apart antennas and arranged to produce a path profile estimate 
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in response to a s%nal from a remote transmitter; a channel input terminal coiqiled to receive 
a data communication signal; and a delay circuit operatively coupled between the channel input 
tetminaJ and the plurality of spaced apart antemias providing a distinct delay in the data 
communication signal in response to the path profile estimate." Claim 18 recites "A data 
communication system comprising: a transmitter having a plurality of spaced apart antennas 
suitable for commumcation with at least one remote receiver; an element providing a derived 
version of each commumcation signal transmitted from a transmitter channel to the plurality of 
spaced apart antennas; and a delay element providing a distinct delay associated with each 
antenna and configured to alter the distinct delay in response to a change of a path profile 
associated with the transmitter channel." (emphasis added). 

The present invention of claims 12 and 18 is very different from the disclosure Reudink. 
Examiner has cited control circuit 83 (Figure 8) as an anticipatory disclosure of the foregoing 
emphasized portions of claims 12 and 1 8. Applicants respectfully disagree. Reudink does not 
disclose "providing a distinct delay in the data communication signal in response to the path 
profile estimate" (claim 12) or "to alter the distinct delay in response to a change of a paA profile 
associated with the transmitter channel" (claim 18). The path profile estimate of claims 12 and 18 
is d^ed at page 12, lines 2-9. Referring to Figure 7, the instant specification teaches "Since use 
of delay parameters alone to accomplish transmit diversity may not be enough to accommodate 
reliable signal reception at a mobile terminal under certain unique situations, it is also 
advantageous to either phase shift the signals to be transmitted and/or scale the amplitude of the 
signals to be transmitted. These unique situations can be determined by taking channel 
measurements 730 for the different signal paths 722-728 associated with the multiple antennas 
710-714. These channel measurements 730 will provide an indication of the signal phase and 
signal amplitude to be associated with a particular signal to be transmitted over each signal path 
732-736." 

Diversity delay of the present invention is described with reference to Figure 3 at page 12, 
lines 14-20. Therein, the specification teaches "As seen in Figure 3, the base station 102 can 
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measure the delay profile 302, 304, 306 in the uplink transmission from a mobile terminal 104, 
106, 108 to implement one method of choosing channel delays 214-230 associated with multiple 
antennas 208-212 according to one embodiment of the present invention. The delay 214-230 
between the antennas 208-212 can be chosen so that the strongest signal paths between the base 
station 102 and mobile terminals 104, 106. 108 do not overlap, thereby achieving full diversity. 
Thus, the present method is distinct &om those presently known." 

By way of contrast, Reudink does not assign a distinct delay in response to the path 
profile estimate (claim 12) or in response to a change of a path profile (claim 18). Reudink 
teaches a relatively constant delay is arbitrarily assigned to each transmit antenna so that the 
maximum delay is less than 64 usee. Tliis relation is shown by the equation and corresponding 
disclosure at column 5, lines 27-40. Reudink specifically teaches that a delay unit is 
approximated by a foraiula DN/2 < 64 jxsec, where D is a unit of delay and N is a number of 
antenna beams. Reudink fails to disclose that this constant delay is associated with a path profile 
estimate or a change of a path profile as required by claims 12 and 1 8. 

Reudink discloses at column. 8, line 67 through column 9, line 9 "The delay time between 
the transmit signals and its delayed component can be variable depending upon transmission 
parameters, and controllable by data maintained on relative signal strengths." Here, appUcants 
understand the transmission parameters to refer to the number of antenna beams N and the 64 
usee maximum delay discussed at column 5, lines 27-40, since these are the only transmission 
parameters disclosed. Applicants further understand that Reudink teaches using relative signal 
strength to modify delay time rather tlian pa«i profile estimates as with the present invention. 
Thus, for all the foregoing reasons applicants respectfully submit that independent claims 12 and 
18 are patentable under 35 U.S.C. § 102(b) over Reudmk. Applicants further submit that claims 
depending from independent claims 12 and 18 are also patentable as depending fiom patentable 
claims. 
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Independent clainis 1, 8, 28, 32, 37, 42, and 45 are rejected under 35 U.S.C. § 103(a) as 
being unpatentable over Rashid-Fairokhi et a]. (U.S. Pat. No. 6,400,780) in view of Reudink (U.S. 
Pat. No. 5,648,968). Examiner admits Rashid-Fairokhi et al. feil to teach altering the distinct delay 
in tesponse to a change of an estimated path profile and reUes on Reudink for this litnitatioit As 
previously discussed, Reudink does not disclose at least these Hmitations of the claimed invention. 
For example, claim 1 recites "altering the distinct delay associated with a derived version of a data 
communication signal in response to a change of an estimated path profile associated with a 
channel of the plurality of channels." Claim 8 recites "deteimining a distinct communication 
signal delay associated with each communication channel within a plurality of communication 
channels, wherein each oommunicalion channel signal delay is derived from the estimated path 
profUc of data associated with the respective uplink signal." Claim 28 recites "the data processor 
is further directed by the algorithmic software such that it can automatically determine signal 
path profile parameters using algorithmically defined relationships associated with discrete 
communication signal uplink data sucli that a signal communicated between the transmitter and 
each antenna will be characterized by a distinct signal delay." Claim 32 recites "signal deriving 
means operatively coupled to the signal distributing means for providing communicatioo signal 
phase parameters associated with communication signals, wherein the phase parameters are 
determined from channel measurement information associated vrith the signal distributing means; 
and variable delaying means operatively coupled to the plurality of spaced apart antennas and the 
signal distribution means for providing discrete delays associated with profile path estimates of 
the communication signals and the plurality of spaced apart antennas." Claim 37 recites "altering 
the distinct delay associated vrith a derived version of the data communication signal and its 
respective antenna if and when an estimated path profile associated with a communication 
channel changes from a prior estimated path profile." Claims 42 and 45 eacli recite "a delay 
element providing a distinct delay associated with each antenna in response to a path profile 
estimate of a signal from the at least one remote receiver." (emphasis added). The foregoing 
emphasized limitations ajie not disclosed by Reudink as previously discussed with rsgard to 
claims 1 5 and 18. Thus, applicants respectfully submit that each of independent claims 1 , 8, 28, 
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32, 37, 42, and 45 and tbeir respective depending claims are patentable under 35 U.S.C. § 103(a) 
over Rashid-Farroklii et al. in view of Reudink. 

In view of the foregoing, applicants respectfully request reconsideration and allowance of 
claims 1-4, 6-7, 12-22, 37-38, and 40-47. If the Exatniner finds any issue that is unresolved, please 
call ^licants' attorney by dialing the telephone number printed below. 



Respectfiilly sulnnitted, 




Robert N, Rountree 
Attorney foe Applicants 
Reg. No. 39,347 



Robert N. Rountree, LLC 
70360 Highway 69 
Cotopaxi,CO 81223 
Phone/Pax: (719) 783-0990 
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ABSTRACT 



ReAU«tlc models and processes for slnuitotion of wjrtkss 
infocmation trAASpgtt systems are provided which replicate 
qU time and firequency dynamics dGTccts on stationaiy and 
mobde communications systems. The prefeired emlxyluiient 
Is a Testshic modeling f^pAfAtus for simulfltion of wireless 
infoonatloD transport ^Atems oor^>risin^ a datd entry 
module, a eommftinicndoos traffic selectioa module, a driver 
database, nnd voice and data input modules fkimi<ihUig a 
slmalatioa input to a network simuUtxoa module. The net- 
work simulation module having eommunicftllons realism 
effects, a D35 saucture. a channel error-burst ixiodd to 
transmit random orors* and a tnultipath modeling module to 
AtHtCgrme deterministic and stochastic effects. The multipotti 
modeling module* tiavsng a digital radio model and a 
Tenaio-Iotegnited Rou^ Earth Model, influences the ransi' 
lation inputs fotming a roultjpMh output, which is adjusted 
by voice and data iiiputs to provide a realise real-time 
simutaajton output signal to a di${)3Ay module portraying the 
simulated eomrounieation» network and link ccnuoccdvity. 
The network simulatSoa modnic, channel error-burst model 
and ihultipath modding module cotnprise s number of 
computer pcct^ajm* A xncthod for realistic sHmdatton of 
wireless Snftwatioo txaospcst systems in real-time utilizing 
modeling techniques and oompoter piogia i us is also dis- 
closed. 
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ABSTRACT 



A wireless comrminication devict X<K> acquires a pilot 
chanrtel before an afisrigniaj slot when ihc wireless commu- 
nicatJon device is oporaiinj; iti ihc slottwl tnodc of a CDMA 
Rystcm. The wittlcss comnraoxcation device comprises n 
searcbcr receiver 107 that dctcrnizncft the short'term average 
pilot streogtb of active and neighbor pilot channels. Finger 
mccivcrs 107 detcamiop tbc long»terra average pilot stninglh 
, of the active sm6 neighbor pilot cbannete. Alogic and control 
circnif 113 as&igas the finger receivers to the pilot chaoiiels 
according to their sbort-tcnn average pilot strength, dctcr- 
inine$ if the loug-lerm average pilot strcagtb of a neighbor 
cbanoei is greater than the active pilot chanuers pilot 
strength, and dctenzmies to hand oS to the neighbor pibt 
channel with rjjc greater long-term average pilot stiengtii. 
Moreover, an early detection correlation length can be 
dynaitiically adjusted according to the p'lot strength of the 
active pilot channel to shorten the pilot acquisition process. 

21 CUini.Sy 5 Drawing Sheets 
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3 4 

When radioielcphon© 100 is awste, anteodo 101 roccivcs oflfeet, Uius the corrclatioo at the particulftr chip oflfect is 

from the active pilot a neighbor set, which is a list of piKjl terminated, (step 213), and logic aiid eomrol circuit 113 

chanDds of huso sutiotw th^t are probiiblc candidatcfi for again dctcnmnes whether all chip oflfeets of the particijlar 

handciff. A necord of the active pilot and the ncigWror pilous neighbor pilot have been correlated. 
!k '"^'^ ""^"^'^ ^ radiotclc. 5 When, rftcr the corrchtioE of the subset of mttximvm 

phone 100 goes to sleep. chips, the short-Kirm average E^, is not lesA than the EDT, 

Searcher receiver 109 i& capable of sweeping the pilot indioating that there is sufiScient energy in the pilot signal at 

chanoel Aigoal of the active pilot and ncigbbof pilots to the particular phase ofect, the correlntion is contfaucd 

determine ihc pilot chflond strength of each. Seartihcr through the ttiaronum number of chips, (step 211), atJd 
rocoivcr 109 detorminefi pilot channel shwigih by a complex '0 control of the method is rctnincd to step 203. Eventually, all 

corrclatioa process which provides a measure of EJl^ in of the chip oITftiits for a parU'cuUr neighbor will be correlated 

decibcte (dB), whore is a measure of the pilot cncigy and (either partially of fuUy). Tbc sbon-tcrm .Tverage EJ\^ fer 

h is the total power spectral density in the received baud- the strongest ray will be provided and used in determining 

width. ThiA power oacaRurcmcnt will be referred to as whether a finger should be assigned to the strongest ray of 

short-term average EJl„ and represents a ftignal-to-signal the Awcpt neighbor pilot signal. 

phis noise ratio. Furthermore, the chip offisct represenHng the strongest ray 

A pilot signal cmanatiDg from s base staiion may travel is used by the assigned finger receiver to tradt the neighbor 

along several paths callod "rays," thiis pnoducing multi-path pilot. A purpose of tracking the neighbor pilot is to ascertain 

sigoftlA. In performing a sweep of the pilot signal of the the presence or absence the neighbor pilot over time as the 
neighbor pilotsi* searcher receiver 109 Atfcs a mtiltiple chip ^ searcher pilot continues to sweep the neighbor pSots of the 

window centered on the code phase offeet of the particular neighbor set. Another purpo^ic is to provide ibc pilot strength 

pilot signal. The purpoAe of the sweep of the chip window of the tracked neighbor piloL 

iA to develop a multijpath pi^file of the pilot agnal. A Depending on the number of finger receivers provided in 

complex coneUfioua^njcasure of short-icim average radiotelephone IDO, multiple fingers can be assigned to 
E^,i$ obtained for each of the multiple chip off^tsof the ^ multiple rays of the same neighbor pilot to obtaio a pilot 

chip wmdow m $c^rchmg for the strongest ray of the signal strength representative of the combined rays, 

noghbor plot that appear^ in the chip window. Method 200 is performed for all of the iKighbor pilofc. of 

me complex coirelalion has two stages. In an early tbc oeiRhbor set, provided radiotelephone 100 walces up 

dcdcctiOT ^e, short-term average E/I^ is determined for a early enough to complete the sweep of each oeighbor before 

subfirt of the ma3amum number oi; chips (the "chips'* refe> the paging channel is to be monitored at the assigned slot, 

enced here are of lie pilot signal) normally correlated to For exanrplc, there may be 20 neighbor pilots in the neigh- 

provide an indication of whether sufSdcni pilot signal bor set, and n CO<hip window for each neighbor pilot, 

energy exists at the particular chip offect. ITie subset of the Accordingly, 1200 cnncUlions Ahould be perfonncd. One 

raaximuin nu mber oP chips is referred to as an early dctec- can appreciate the importance of terminating the correlation 

ticm correUtioo length. When the short-term average is for a particular chip oflEsct at the early detection correlation 

gitsat enough at the early detection corrolaiion length, the length to reduce the time that radiotelephone 100 must wake 

second i^tage is performed, which is to complete the cone- up before monitoring the paging channel to search for and 

lation ttor the maximum number of chips. acquire the pilot chancel having the greateftt ntiength. 

^ The method of u^ic and operation of the wireles.^ oommc- ^ The values for the fiUl corrclatioo length, the early dctec- 

mcanon device as ooastructcd and described above will now Hon correlation length, and the ED'r m chosen to provide 

be dc9cnbed with reference to FIGS. 2^, which .^re Oaw saliifactory searcher speed while achieving acceptable prob- 

chans Ulustratmg a method of sweeping a pilot channel, a ability of missing a pilot signal and acceptable probability of 

method of pilot channel acquisition carried out by the fiilaing r r / 
T^^r^^^^^^ll^.^' ' ructhod of aligning ^ According to tt« invention, the EOT is dynamically 

a fln^r receiver to a pUot chamicl t^ectively. dcp^^ing upon the strength of the Sivc pilot 

Refcrcacc wm now be made to FTG. Z, which illustrates signal, which is an important aspect of the invention. The 

a method 200 of sweepiug a pilot chanDcl. Initially, logic and EDT can be rts-set from a first value to a second value 

control circuit 113 determines whether there are any neigh-. "Dynamic" as i^erred lo herein means the ability to make 
bor pilots in the neighbor jot. (See step 317 of FIG. 3 .) If jq an adjustment to a prc^iogr«rnmcd parameter after tbc pilot 

so, searcher receiver 109 bepnR a sweep of the neighbor acquisition method has commenced. When there is a siilE- 

pilote. (Step 201.) border to end the method for a *»weep of ciemjy strong pilot signal, the importance oi: finding a 

a pfliticular n«ighbor jnlot, logic and control drcuit 113 stronger neighbor pilnl jiignal is dimmishcd, thus allowing a 

detennmes whether aU chip ofecte of die particular neighbor higl»r acceptable prdjabiliiy of missing weaker pilots while 
pilot have been conelated. (Step 203.) 55 maintaining a hi^ probabih'ty of detecting still stronoer 

neighbor pnot is completed. (Step 215.) If not, seard^er pilot.. This mcarthat the EDT can be raisldTmr^ftS 

^"^"^^r^J? P™™? ^ correlauon at a particular chip a faster sweep of each neighbor pilot and rediicinfi the total 

oriseL tJ>tcp 205.) As part of the correlation, searcher time needed to swreep the entire neighbor set. 

o^SL^"^!"^ n^^^^^ f 5 4 ate flow Chart, illustrating a method 300 of 

U^^^^i^l^f^^ ''^ ^ ^ ^^''^ "^'"^"^^'^ pilot channel acquisition carried ot^t by the windless corn- 

7 IT \ • . ... , municaUon device. previously described, in tlie prefortcd 

Logic and control circuit 113 determines whether the pilot cmbodimcnL, the EDT in initially set al .1 first value. (Step 

signal strength at the carjy detcctioD correUtion length is 301.) Upon wafeing up, searcher receiver 109 sweeps the 

^than an early dotecrion thrw^hold (EDT). (Stop 209.) active pilot to find the strongest ray, (step 303) and deter- 
wiacn, arier the comslation of the subset of maximum cWps, 55 mines the active pilot's fihort-tcrm averam E./L, fsten 3051 

the short^tcnn average is l«is than the EDT, it is likely in a simitar manner as described for sweeping a ncighbci 

that the pilot signal is not present at that particular chip piloL Logic and control circuit 113 then delemincs whether 
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expect under the coDdttions and cDvironment of the ideoti- 
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(PCS), and broadband wireless communications system may 
also be te.<ued for the quality of the voice and data trans- 
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chanocl model 21 sbould be considered 1% whisb a tesl individual signal Avithin tht pactJcukr miOti^ath model. For 

scenann Rss«mes a cellular call i* being placed frora a example, considM FJO, 5A wbich mchidos inlbmifltjion 

movingcar- For tesl scenarios that assuinc the soiirct of the describing three multi-path environracnt models, 

wgHAl transmissioD, e.g., ihe handwl, ik in molion, the respectively, specified Profiles A, B, and C (or Channels 

Doppler shift 28 component of the ehauncl model 21 ijiny be 5 A, B, and C). Profile A describes & first of these multi-path 

determined by tho foUowjug formula: model as inchiding three individual fiignaJs as specified by 

cTttrics in rowR 1^ of HG. SK Likewise, Profile B (or 

''^ * Channel B) of that tabic has entries in rows one through six, 

WJicrc indicating that six individual signals comprise that "multi- 

V„ is the velocity of the mobile tenninal or ceUular P^^f - n ^ . ^ 

handsel cntnes lO the first column of each profile (i.e,^ 

c is the velocity of hrfit colunms 1, 3, and 5) r<xptcfiem the relative time delay, in 

- . ^. * ^ - , . nanoflceonds, of each individual received sicnal of the 

fc .s the ficqueney of the Aignal emitted by the mobile ^ccivcd multi^paih signal. The fij^ ^gnal of tow\ for each 
lermmaj mult i-path_pro file treated as the Ume baseline in regard to 

frf ^B the Shift m the frequency fc ^ho relaiivc time delays of the subsequent signals. The 

By considenng and developing the multiTpath 24, overall entries in the second cohimn of each profile (i.c., columns 2, 
path losft 2R. and Dopplcr shift 28 compoflcntfi of the 4, and tf) rcprcgcm the relative average power in dB 
channel model 21 ccrrespooding to an identified test (decibelsi), of the individual received signals of the tnulti- 
scenario, the propagation impamncntcotuiilionR of that test 20 paihsigoal. Ag^iio, the first signal oorrefiponding to row I for 
scenario can be simulated JO the field* The channel model 21, cach-muld-path profile is treated as the power baseline 
developed for an identified test scenario, detcnnines how the regarding the relative powers of the subsequent signah. 
parametcra of a signal may be modified to simulate the Using FIG. 5A (indoor oIEec area eisvimnment) as an 
Impairment conditiois of the idcniifled lest scenario. example. Profile A (Channel A) shown in columnA 1 and 2 

Referring to FIGS. 5A-5F, somo of the ANSVllA/EIA 25 can be used to repre&cnt a test scenario multi-path model 
JTCfor PCS (hereaflcr ncfentsd 10 as the JTC) multi-^iath including ih^ec individual si^ignals (high probability of, 
roodek arc shown. The JTC mulii-palh models 30 may bo cicctirrence), a* cao be seen by ibe entfies in t^ws 1-3 of 
used to develop die multi-path 21 (of FTG. 4) component of thoftc oohimns. The firat signal (tr^w 1) is assaimed to arrive 
a channel model 21 (of FIG. 4) fbr an idemificd tests at a rcoeiving antenna at time zcfo,!ibown in row 1, column 
ftCMnaao.'nie JTC multi-path models 30 are defined by trine 30 1, with a second signal (tow 2) of the tmilti-patb model 
(9) propagation environment groups. The propagadon cnvi- anrivinft 50 nanoseconds aEtcr the first (row 2, cohjmn 1) and 
roflmeni groups identified are as follows; Indoor residential; a dunl signal arriving 100 nanoseconds after the first (row3. 
Indoor office area; Indoor cDinmercial areaj Outdoor urban column 1). Referring 10 column 2 now, the average power oF 
high-rise area with low antenna; Outdoor ucban low-rise these diree signals are 0 dB (row 1. column 2), -3,d dB (row 
area with low antenna; Outdoor residential area with low ^ 2, colujnn 2), and -7^ dU (row 3, cohimn 2) for first signal, 
antenna; Outdoor urban high rise area with high antenna; second signal, «dc1 third signal, respectively. 
Outdoor urban/suburban low-rise area with high antenna; As previously described above, each of the propagation 
and, Oii-tdoor residential area with high antenna. FIGS. environments are so broadly defined that several different 
5A-5F includes Ublcs representing six of these groups, as test scenarios may be represented by the j;ame propagation 
indicated on each table of HO. 5. For each of these groups, 40 environments defined in FIGS. 5A-SF. By using diffierent 
the corresponding table expresses the values of the signal profiles, dififcrent multi-path models for diflfcrcnt scenarios 
parameters, e.g., relative time delay, relative amplitude may correspond to the same propagation errvironment. It 
(relative power) .and dumber of paths ooircspondiag to three should be noted that if there are more than three tesl 
d^crent profiles, namely, A, B and C (note that the JTC scenarios per propagation environment, some of ihc sce- 
refers lo the different profiles a^; "channels"). 45 n.irios may be represented by the same mulli^atb profile. As 

Ihe three profiles represent three diflfereot mulri-path generally known to those skilled in the art, this a Jimiiation 
models each with an associated probability of occuncnco fbr of the JTC, and other models. 

the same propagation environment group. Thus, for the To select a particular model, sotae cvabation may be 
mdoor ofl^ environment FIG. SA, for example, the prob- petftinoQcd. For example, by examining the environment 
^L, « Profiles A, B, and C arc 0.50, 0.45.. so which defines the Accnarios 10 a partioular group, a qualita- 

and 0.05, respectively. Note that the probabiUties of oocur- tive best fit of the scenarios to profiles may be performed. A^ 
renofifi are not shown in (he tables of FIG. 5. Generally known to Uiose skilled in the art, this includes an under- 
spcaUing, Profiles A and B each have a probability of siandingof the cnvirenmeut, for example, as to bow a signal 
occurrence close to V4, while Profile C haa a OX>S probability is propagated fTDin a transmitter to a receiver in a particular 
of oceuncnce. 55 environment. For example, coreadcr two urban class 

Several profiles or models are used due to the fact that scenarios, a first at the inlei^cetion of sheets ^nd a second 
each ofthe propagation environments are so bro^idly defined occurring mid-block. At an intcnicction, signals may be 
that It wo^d be inaccurate to represent them with just a arriving at a point via more paths since signals may be 
single profile Aitenrativoly, a large number of profiles may coming down a street as wcU as deflecting off middle and 
be undesirable fi>r the reason that they may be dijOBcuit to ao comers of buildingjv. M mid-block, it may be expected that 
manage. A suitab e cxjmpromisc, for example, arc the three fewer signals are deflecting off the immediate vicinity of a 
profiles described above with associated probabiliticci of building. 

ooGurreiice. TocomprebcnsiivelytcstaTictworJc-bflRcdJJDTatestplan 
A multj-paih model may be CTqjressed as consisting of coniaining a wide range of teat scenarios covering the 
Scvci^ individual signals where each iodividufll signal trav- rt5 possible operational conditions and environments should be 
ete a Afferent path in arnvmg at the .same receiver. Each ro^ developed. For example, nine environmental groupft as 
of a table within the JTC multi-path modeLOO represents an identified by the JTC may 5«rve as an initial starting- point 
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ABSTRACT 



A tnctbod and system arc provided ftw recognizing a path 
having low kvel signals, which is conventioiMilly treated aft 
useless, as a valid receiving path. Recognition is made from 
a plurality of PBceivitig paths in a CDMA wireless telecom'. 
municatjoD system by receiving at least one set of signals 
through a transmissfon path, generaticig at least two fipTe^d 
codes eiidi with its own delay time, and calculatinp ai least 
two correlation values of the set of ftignafe with the spread 
codes. A CDMA wifeless tclccommnnication mobile statioti 
is alw provided for tccciWog a set of telecoTnmvnicaiioD 
signals through a telecoinrmjnication path from a base 
station. At least two ^read codes arc generated, each with 
its own delay tirac and a predelcmiincd number of spread 
code bits. At least two correlation values of the scf of signals 
are calculated with the spread codes. 

26 aaimSy 12 Drawing Sbects 
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traDsmission s^al^ tbc processing of tttor ooirootion path ofi a valid rcijciving path among a plurality cf receiving 

tncodiag, frame encoding, data modidaiion and spread paths through which signA]3 arc traosmitted ba£«d on the 

modiaUHoD, and then sends the processed signate to the RF coinparisoo rcisuh of the comparator 18 and ihe detcntjiaa- 

signal procesBOi 5tf. The baAc band signal processor SK tion result of the waveform distortion detector SO, The 

performs on the received signals sent frnm tbc RF signal 5 mcmoTy 1<S stores the levete and a delay trniing of the valid 

processor 56 the processing of reverse spreading, chip receiving path. 

synchronizipg, error correcKon decoding, data multi-Bcpa- FIGS. 7(^2) and 7{b) show diagrams of path waveforms of 

ratiDTi, maximum ratio eornpositioD of intet-sector diversity receiving paths reprosented by irnpu!bc responses or delay 

handover, etc. Tbc controller 60 has control fimctions such ' profiles. FTG- 7(a) shows an example of a path waveform to 

as sending and receiving control 5\gnab to perform RF Hnk lO which do diAtortigfn has occurred. As shown, this vndistorted 

establishment, RF link managpmcTit, etc. The wired com- path waveform is sharp and symmetfically wedge-shaped 

aninicatioD interfecc unit 62 facilitates an interface among attd centered by the point p(N). 

the BTS, MCC-SIM (not shown) of the base station SO and FIG, 7(b) shows an e^camplc of a path waveform to which 

the base Nation control unit 70 (see tlO. 3). a distortion has occoned. As shown, this distorted path 

FIG. 6 is a schematic block diagram showing an embodi- is wavofbrm is of an unsymmetrical and relatively slowly 

mciit of the base band signal processor 40 of the mobile sloped wedge compared to that shown in FJC. 7(a). This 

station 30 acconJiog to the present invention. According to slow slope of the path waveform is due to the cfifcct of 

this embodiment^ the base band signal processor 40 include^ into rfereocefi or iwjiscs. The waveform distortion detector 80 

a Spread code generator 12, a correlator 14, a memory 16, a detects (he existence of the distortion by^ for example, 

comparator 18, regiftters 20 and 22, a wnvcform distortion 20 calculating slopes Among correlation points, 

detector 80 and a path recognising unit 82. The register 20 FTGS- and 8(6) Ahow graphs of frequency transfer 

stores a predetermined path nsragnition threshold vahic, and funciioiis or fr^uency ebaractcristics acquired by pcrform- 

thc register 22 storca a prcdolormincd noif« threshold vahic. mg Fduricr Transformation on con-elation profile wavc- 

Thc spread code gcncratar 12 generates a phrality of forms, such a^ delay profile wavefoODs, FIG. S(a) shows a 

phase-shifted spread codes each of which is comprised of a 25 frequency chflraeterislic of an oudistortcd path waveform, 

predetermined number of spread code bits, and provides the As shown, in case distortion haa not occurred, the ftequcncy 

generated oodet; to the correlator 14, The correlator 14 spectnim has a shape of plane table, 

includes, for example a matched filter and a sliding correla- FIO. 8(ft) $bows a frequency characteristic of a distorted 

tor, and acquires cnrTclation values by determining correla- path wavcft^nm. Compared to FIG, 8(a), this frequency 

tions of rcodyed signals with the spread codes. Itie corr- 30 characteristic has a very steep vaJIey, This valley is also dtue 

elfltor 14 acquirer a correlation profile ( a multi-path yxtfilc) . to the cjffcct of interferences or noises. The waveform 

such as a delay profik, based on the correlation valiies. JTie distortion detector 80 may also detect the existence of 

memory 16 stores the plurality of correlation values disiortioQ on the correlation profile waveform by, fijr 

acquired by the correlator 14. The comparator 18 detenroncs example, calculating slope?i between sample points of the 

whether a get of received signal is noise or not by comparing 35 frequency cha ractciistic. 

the correlation values with the noise threshold vahie. The FIG. ^ is a block diagram of an embodiment of the 
comparator 18 also compares a peak conrcladon value of the waveform distortion detector 80 of the present invention, 
path with the path recognition threshold va.lue. A path of The waveform distortion detector 80 includes register; 84, 
which the peak correlation vahie is larger than the path 86 and 88, selcctois 90, 92 and D4 and a comparator 96. Tbc 
roco^ition threshold value iA rccognize<l as a candidate for 40 waveform distortion detector 80 of the present embodiment 
a valid leceivit^ path for den^odulating received signals determines whether there is any distofiiott on a path wave- 
through the path, and the location of the peak correlation form of a correlation profile by evaluating slopes of the 
value is stored as a path location for the recciviog path in the waveform. 

memory 16. Again ri^erring to HG. 7, a correlation value at a specific 

The wavefonn distortion detector 80 dettsrmincs whether 45 delay lime is expressed as p(k) in a correlation profile. At 

there is a distortion on a pnlh waveform of a particular two poinfca a and b, where b>a, a sk>pe between the two 

receiving path, where the path wavefbim is represented as a points a and b is given by; 

conclaiion profile, stjch as an impulse lesponse or a delay / , v ' . . ^ 

profile. Otherwise, Hie waveform distortion detector 80 may ^'^""^ b>]p(bypia)y(^^^) 

detect a distortion od a path waveform based on a frequency so Here, let p be tbc ratio of p(b) to p(a). That is, 

transfer function or friequency characteristics, which can be p(h)^ia)xS\ 

acquired by performing Fourier IVansfbrmation od the path ^J-i^J'^ 

waveform rcpre^ntcd as a noise response or a delay profile. where p(b)>p(a). 

It i$ quite frequent that the path waveform of a receiving By U5iiiig equadona (1) and (2), we can get 

path represented ag a correlation profile, such as a delay 55 \ / v /» b 

profile, is distorted by the effects of the mulU-path fading, (*-ff)x(fllopc botwccD pwnts j and by^(fi'i)xp(a) p) 

inter fcn>nces between signals noises, etc. For example, Mwe detailed de^cr^tion of the distortion detecting 

Since levels of received signate arc generally low in the area operation of the waveform distortion detector 80 of the 

having weak field strengths, the peak conektion value of the present invention is given hereinafter using the above equa- 

received signals can be smaller than the path recognitiofl m tions. 

threshold value even though the receiving path through a& mentioned befbro, according to the present inveolioD, 
which the signah; ^re transmitted was acmally vaUd for in order to recognize a receiving path as a' valid path for 
demodulation. Accordirig to ihe present embodiment of the demodulating received signals, the shape of the path wave- 
present invention, the waveform distortion detector SO dctor- form represented as a cotmlation profile, sudi as impulse 
mmes whether a path waveform of a correlation profib is ss response or delay profile, made, and if the shape of the 
distorted or not basod on at least two corrclririoo value*. Tbc path waveform is not as sharp a^ that of 3n ufldistortcd path 
path recognizing umt 82 recognizes at leaju. one receiving waveform, it is determined that a distortion is present As for 
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